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(57) ABSTRACT 

An electrochromic layer consisting of an electrochromic 
material film and an electrolyte is provided between trans 
parent electrode films of two glass Substrates. An ultraViolet 
radiation Stabilizing agent is not added to the electrolyte. A 
photocatalytic layer and a porous inorganic hydrophilic 
layer are formed on the front surface side of the front side 
glass Substrate to make the Surface of the device hydrophilic. 
The photocatalytic layer is excited by irradiation of ultra 
Violet radiation and decomposes dirt deposited on the Sur 
face of the porous inorganic hydrophilic layer, thereby 
maintaining the hydrophilic property. Since the photocata 
lytic layer absorbs ultraViolet radiation, occurrence of a 
photochromism in the electrochromic material film can be 
prevented. 

9 Claims, 8 Drawing Sheets 
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ELECTROCHROMIC DEVICE 

BACKGROUND OF THE INVENTION 

This invention relates to an electrochromic device utiliz 
ing an electrochromism and, more particularly, to an elec 
trochromic device capable of preventing occurrence of a 
photochromism without adding (or with addition of only a 
Small amount of) an ultraviolet radiation Stabilizing agent. 
An electrochromic device utilizing an electrochromism is 

used, for example, for a dimming mirror including a dim 
ming rearview mirror, and also for a dimmer. Electro 
chromism is a general term for denoting phenomenon in 
which color of a material is changed upon application of 
Voltage to the material. A Substance which exhibits Such 
phenomenon is called an electrochromic material. Repre 
Sentative electrochromic materials include, e.g., tungsten 
oxide (WO) as an inorganic material and Viologen as an 
organic material. In all of the electrochromic materials, 
moving of electrons upon application of Voltage causes 
coloring and bleaching reactions. 
Most of electrochromic materials present a photo 

chromism. The photochromism is a phenomenon according 
to which a certain material in a State of Solid or Solution 
changes its color by irradiation of light (ultraViolet radiation 
or a short wavelength visible radiation) thereon and returns 
to an original color in a dark place. AS the photochromism 
progresses, an electrochromic material is deteriorated and 
decomposed and, as a result, remains in a color-changed 
State and fails to return to the original State. AS to the 
mechanism of the photochromism, it is considered that, in 
the case of an inorganic compound Such as WO, irradiation 
of light exceeding its band gap (in WO, the band gap is 3.2 
eV, i.e., 388 nm or below) brings electrons in the material to 
an excited State and thereby Starts the coloring reaction. In 
the case of an organic compound, this phenomenon is 
considered to take place due to photoisomerization caused 
by movement of hydrogen atoms upon irradiation of light, 
generation of free radicals by dissociation and cleavage of a 
ring etc. 

FIG. 2 shows an infrared absorption spectrum of WO 
before and after a weather resistance test (Sunshine weather 
-o- meter) for 300 hours. It will be seen that, by irradiation 
of ultraviolet radiation, the W=O bond has disappeared and 
WO, thereby has been destroyed. The photochromism is a 
phenomenon which should be avoided for the electrochro 
mic device in which coloring and bleaching are controlled 
by application of Voltage. 
AS a prior art electrochromic device which prevents 

occurrence of the photochromism, there is an electrochromic 
device disclosed in U.S. Pat. No. 5,140,455. In this electro 
chromic device, the photochromism can be prevented by 
dispersing an ultraViolet radiation Stabilizing agent in an 
electrochromic Solution and thereby absorbing ultraViolet 
radiation irradiated from outside. 

The ultraViolet radiation Stabilizing agents includes, for 
example, Salicylic acid type ultraViolet radiation Stabilizing 
agents Such as phenyl Salicylate, p-tert-butyle phenyl Sali 
cylate and p-octylphenyl Salicylate; benzophenone type 
ultraViolet radiation Stabilizing agents Such as 2,4- 
dihydroxyben Zophe none and 2-hydroxy-4- 
methoxybenzophenone; benzotriazole type ultraViolet radia 
tion Stabilizing agents such as 2-(2'-hydroxy-5'- 
methylphenyl) benzotriazole and 2-(2'-hydroxy-5'-tert 
butylpheny) benzotriazole; and cyanoacrylate type 
ultraViolet radiation Stabilizing agents Such as 2-ethylhexyl 
2-cyano-3,3'-diphenylacrylate and ethyl 2-cyano-3, 
3'diphenylacryllte. 
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For effectively preventing the photochromism by adding 

the ultraViolet radiation Stabilizing agent in an electrolyte or 
electrochromic Solution, it is necessary to add a large 
amount of the ultraViolet radiation Stabilizing agent. Since, 
however, the ultraViolet radiation Stabilizing agent is colored 
per Se, this method has the disadvantage that addition of a 
large amount of the ultraViolet radiation Stabilizing agent 
impairs the tone of color of the electrochromic device. FIG. 
3 shows reflectance spectra of a Sample A in which 1 weight 
% of ultraViolet radiation Stabilizing agent was added to the 
structure of FIG. 10 to be described later (without the 
provision of the photocatalytic layer and hydrophilic layer) 
and a Sample B in which the ultraViolet radiation Stabilizing 
agent was not added to the Same Structure. In the Sample A, 
the reflectance below 490 nm is significantly reduced by the 
addition of the ultraViolet radiation Stabilizing agent and the 
tone of color of the sample A thereby is impaired. For 
Securing a Sufficient effect of the ultraViolet radiation Stabi 
lizing agent, about 5 weight % of the ultraViolet radiation 
Stabilizing agent is required. 

It is, therefore, an object of the invention to provide an 
electrochromic device which has solved the above described 
problem of the prior art and is capable of preventing 
occurrence of the photochromism without adding (or with 
addition of only a Small amount of) an ultraviolet radiation 
Stabilizing agent. 

SUMMARY OF THE INVENTION 

For achieving the above described object of the invention, 
there is provided an electrochromic device comprising: 
transparent Substrates, an electrochromic layer provided 
between Said transparent Substrates, Said electrochromic 
layer containing no ultraViolet radiation Stabilizing agent or 
containing less than 1 weight % of ultraViolet radiation 
Stabilizing agent, and a transparent photocatalytic layer 
performing a photocatalytic reaction formed on the front 
Surface of a front Side SubStrate of Said transparent Sub 
Strates. In this specification, the term "electrochromic layer” 
designates an entire layer provided between opposite elec 
trodes of two transparent Substrates and includes, for 
example, a laminate of a film of an electrochromic material 
and an electrolyte, and an electrochromic Solution in which 
an electrochromic material is dissolved or dispersed. 
According to the invention, the photocatalytic layer 

formed on the front surface side of the device (the frontmost 
layer or a layer near to the frontmost layer) absorbs ultra 
Violet radiations and, therefore, the photochromism of the 
electrochromic material is inhibited. Accordingly, the neces 
sity for adding an ultraViolet radiation Stabilizing agent can 
be obviated (or if added, only a small amount will suffice) 
and impairing of the tone of color of the electrochromic 
device can thereby be prevented. Further, the photocatalytic 
layer decomposes and removes dirt deposited on the Surface 
of the electrochromic device and, therefore, the Surface of 
the device can be kept clean. The photocatalytic layer may 
be made of a photocatalytic Substance only or may be made 
as a layer in which a photocatalytic Substance and other 
material are mixed together. 

In one aspect of the invention, there is provided an 
electrochromic device comprising transparent Substrates, an 
electrochromic layer provided between said transparent 
Substrates, Said electrochromic layer containing no ultravio 
let radiation Stabilizing agent or containing less than 1 
weight % of ultraViolet radiation Stabilizing agent, a trans 
parent photocatalytic layer performing a photocatalytic reac 
tion formed on the front Surface of a front side Substrate of 
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Said transparent Substrates, and a transparent porous inor 
ganic hydrophilic layer formed on the front Surface Side of 
Said transparent photocatalytic layer. 

According to the invention, occurrence of the photo 
chromism is prevented by the provision of the photocatalytic 
layer and, in addition, the Surface of the device becomes 
hydrophilic by the provision of the porous inorganic hydro 
philic layer and deposition of a waterdrop can thereby be 
prevented. Further, since dirt which is deposited inside of 
pores of the porous inorganic hydrophilic layer and blockS 
the pores is decomposed and removed by the photocatalytic 
layer, the hydrophilic property of the device can be main 
tained. The photocatalytic layer may be made of a film 
comprising, for example, TiO2 and the porous inorganic 
hydrophilic layer may be made of, for example, a porous 
SiO film. 
A reflecting film may be formed on the rear Surface Side, 

as viewed from the front side Substrate, of a rear side 
Substrate of Said transparent Substrates whereby Said elec 
trochromic device constitutes a dimming mirror. 
An electrode on the Side of a rear Side Substrate of Said 

transparent Substrates applying Voltage to Said electrochro 
mic layer may be made of a metal film which constitutes also 
a reflecting film whereby Said electrochromic device con 
Stitutes a dimming mirror. 
An reflecting film may be formed on the rear Surface Side, 

as viewed from the front side Substrate, of a rear side 
Substrate of Said transparent Substrates and a resistance heat 
generating element may be provided on further rear Surface 
Side of the rear Side Substrate, Said heat generating element 
being Supplied with electricity whereby Said electrochromic 
device constitutes a dimming mirror. 

The structure in which a reflecting film is formed can be 
adapted to be an exterior rearview mirror. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings, 
FIG. 1 is a sectional view of Embodiment 1 of the 

electrochromic device made according to the present inven 
tion shown in an enlarged Scale in the direction of width of 
the device; 

FIG. 2 is a characteristic diagram showing an infrared 
absorption spectrum of WO before and after a weather 
resistance test (Sunshine weather -o- meter) for 300 hours 
conducted with respect to a prior a device in which an 
ultraViolet radiation Stabilizing agent is not added; 

FIG. 3 is a characteristic diagram showing results of 
measuring reflection Spectra of Sample A in which 1 weight 
% of ultraViolet radiation Stabilizing agent is added to the 
structure of Embodiment 6 (FIG. 10) without the photocata 
lytic layer 16 and the porous inorganic hydrophilic layer 18 
and sample B of the same structure in which the ultraviolet 
radiation Stabilizing agent is not added; 

FIG. 4 is a characteristic diagram showing difference in 
transmittance depending upon thickness of the TiO, 

FIG. 5 is a characteristic diagram Showing transmittance 
with respect to wavelengths below 420 nm in case a TiO, 
film of 200 nm is formed on Soda glass having thickness of 
1.9 mm; 

FIG. 6 is a sectional view showing Embodiment 2 of the 
present invention in an enlarged Scale in the direction of 
width of the device; 

FIG. 7 is a sectional view showing Embodiment 3 of the 
present invention in an enlarged Scale in the direction of 
width of the device; 
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FIG. 8 is a sectional view showing Embodiment 4 of the 

present invention in an enlarged Scale in the direction of 
width of the device; 

FIG. 9 is a sectional view showing Embodiment 5 of the 
present invention in an enlarged Scale in the direction of 
width of the device; 

FIG. 10 is a sectional view showing Embodiment 6 of the 
present invention in an enlarged Scale in the direction of 
width of the device; 

FIG. 11 is a sectional view showing Embodiment 7 of the 
present invention in an enlarged Scale in the direction of 
width of the device; 

FIG. 12 is a sectional view showing Embodiment 8 of the 
present invention in an enlarged Scale in the direction of 
width of the device; 

FIG. 13 is a sectional view showing Embodiment 9 of the 
present invention in an enlarged Scale in the direction of 
width of the device; 

FIG. 14 is a sectional view showing Embodiment 10 of 
the present invention in an enlarged Scale in the direction of 
width of the device; 

FIG. 15 is a characteristic diagram showing change in the 
contact angle on the Surface of the device when ultraViolet 
radiation is irradiated on the Surface of the device coated 
with oil measured with respect to sample C which has the 
structure of Embodiment 5 and sample D which has the 
Same Structure except that the photocatalytic layer 16 and 
the porous inorganic hydrophilic layer 18 have been omit 
ted; and 

FIG. 16 is a characteristic diagram showing reflection 
spectra of sample E which has the structure of Embodiment 
8 and Sample F which has the Same Structure except that the 
photocatalytic layer 16 and the porous inorganic hydrophilic 
layer 18 have been omitted. 

Description of Preferred Embodiments 
Preferred embodiments of the invention will be described 

below. In respective embodiment, the same component parts 
are designated by the Same reference characters. Embodi 
ments 1 to 4 have been designed as transmitting type devices 
and Embodiments 5 to 10 have been designed as reflecting 
type devices. The structures of Embodiments 5 to 10 can be 
respectively adapted for use as an exterior rearview mirror. 
In all of the Embodiments, a photocatalytic layer and a 
porous inorganic hydrophilic layer are provided in the form 
of a laminate but the photocatalytic layer only may be 
provided. In any of these Embodiments, an ultraviolet 
radiation Stabilizing agent is not added to an electrolyte or 
electrochromic Solution. In the transmitting type devices, a 
photocatalytic layer (or a photocatalytic layer and a porous 
inorganic hydrophilic layer) may be formed on the rear 
Surface Side of the rear Side Substrate depending upon the 
purpose of use of the devices. In the description of the 
embodiments, the term "front Side”, “rear side' or “rear 
Surface side' is used as viewed from the front Surface of the 
electrochromic device. 
Embodiment 1 
Embodiment 1 of the invention is shown in FIG. 1 in a 

section enlarged in the direction of width of the device. This 
electrochromic device has two colorless, transparent glass 
substrates 12 and 14 as the transparent substrates. On the 
front Surface side of the front Side glass Substrate 12 (i.e., the 
glass Substrate on the Side from which the Sun's radiation 
and ultraViolet radiation are incident) are laminated a pho 
tocatalytic layer 16 made of, e.g., TiO2 and a porous 
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inorganic hydrophilic layer 18 made of, e.g., SiO2 by means 
of vacuum deposition, Sputtering or Sol-gel method. On the 
rear Surface Side of the glass Substrate 12 is formed a 
transparent electrode film 20 made of, e.g., ITO. On the rear 
Surface side of the electrode film 20 is formed an electro 
chromic material film 22 made of, e.g., WO. On the front 
Surface Side of the rear Side glass Substrate 14 are laminated 
a transparent electrode film 24 made of, e.g., ITO and an 
electrode protective layer 26 made of, e.g., SiO2. The 
electrode protecting layer 26 is provided for preventing 
deposition and adhesion of iodine ion on the Surface of the 
transparent electrode film 24 in a case where the electrolyte 
is made of lithium iodide and the driving method is set in 
Such a manner that positive Voltage is applied during the 
coloring mode and negative Voltage is applied during the 
bleaching mode. If the driving method is Set in other manner, 
there will be a case where the electrode protective layer need 
not be provided. 
The front Side glass Substrate 12 and the rear Side glass 

Substrate 14 are opposed to each other acroSS a Small gap G. 
In the gap G, an electrolyte 28 in the form of liquid or gel 
is filled and this electrolyte 28 is sealed with a sealing 
material 29 which surrounds the electrolyte 28. A laminate 
of the electrochromic material film 22 and the electrolyte 28 
constitutes an electrochromic layer 10. 
A clip electrode 30 which is in clipping connection to the 

glass Substrate 12 is connected the transparent electrode film 
20. A clip electrode 32 which is in clipping connection with 
the glass Substrate 14 is connected to the transparent elec 
trode film 24. By applying negative polarity to the clip 
electrode 30 and positive polarity to the clip electrode 32 
from an outside power Source, the electrochromic material 
film 22 is colored and, by applying a reverse polarity 
between the two clip electrodes 30 and 32, the electrochro 
mic material film 22 is bleached. By constructing the elec 
trolyte 28 with, for example, a combination of ferrocene 
(Fe(C5H5)) and perchlorate lithium (LiCIO), the electro 
chromic material film 22 can be bleached by short 
circuiting. A reaction mechanism in case WO is used as the 
electrochromic material is shown by the following formula: 

coloring 
Ho 

bleaching MxWO3 
a 

WO3 + xM + xe 

where M is H, Li etc, and e is an electron. 
Normally, a counter-reaction (an oxidation reaction which 

is a counter-reaction of a reduction reaction of W0) 
expressed by the following formula is Simultaneously car 
ried out: 

He 
3. I +2e. -- 

According to this electrochromic device, a dimming effect 
can be obtained by coloring and bleaching of the electro 
chromic material film 22. Water deposited on the surface of 
the device scatters about in a thin film by virtue of hydro 
philic property of the porous inorganic hydrophilic layer 18 
and an anti-fog effect thereby can be obtained. Ultraviolet 
radiation incident from the front Surface side of the device 
is absorbed by the photocatalytic layer 16 and the photo 
catalytic layer 16 is excited to produce pairs of electron and 
hole therein. These electron-hole-pairs move to the Surface 
of the porous inorganic hydrophilic layer 18 and react with 
air and water present on the Surface of the porous inorganic 
hydrophilic layer 18 to produce highly oxidizing O2 (Super 
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6 
oxide anion) and OH (hydroxyl radical). These substances 
decompose organic matterS Such as dirt deposited on the 
Surface of the porous inorganic hydrophilic layer 18 and 
thereby prevent decrease in the hydrophilic property of the 
Surface of the device. Since, further, the photocatalytic layer 
16 absorbs ultraviolet radiation, occurrence of the photo 
chromism in the electrochromic material film 22 is pre 
vented. Accordingly, it is unnecessary to use an ultraViolet 
radiation stabilizing agent (if used, only a Small amount will 
Suffice) So that impairing of the tone of color of the device 
can be prevented. Further, Since the photocatalyst is not 
diffused or dissolved in the electrolyte but is provided in the 
form of a layer on the glass Substrate 12, the ultraViolet 
radiation prevention effect can be obtained with only a Small 
amount of photocatalyst. 

In a case where TiO2 of an anatase type is used as the 
photocatalytic layer 16, the ultraViolet radiation absorbing 
effect is produced for ultraviolet radiations of 388 nm or 
below. In a case where TiO2 of a rutile type is used as the 
photocatalytic layer 16, this effect is produced for ultraviolet 
radiations of 410 nm or below. The rutile type TiO, 
however, absorbs wavelength of 410 nm, i.e., a part of blue 
color content and, therefore, there is possibility that the tone 
of color of the device is impaired depending upon thickness 
of the film. Further, the anatase type TiO is superior in the 
photocatalytic property (i.e., capability of decomposing 
organic matters). Therefore, the anatase type TiO2 is pref 
erable for preventing the photochromism in the electrochro 
mic material film 22, maintaining the tone of color of the 
device and maintaining the hydrophilic property of the 
device. Further, since the band gap of WO which is a 
representative electrochromic material is 3.2 eV which is the 
same as the band-gap of the anatase type TiO, use of the 
anatase type TiO2 can protect WO from ultraViolet radia 
tion more efficiently. The ultraviolet radiation absorbing 
effect can be obtained also from a mixture of the anatase 
type and rutile type TiO2 or a mixture of the anatase type 
TiO2 and amorphous type TiO2. 

In case the anatase type TiO2 is used as the photocatalytic 
layer 16, film thickness of the photocatalytic layer 16 of 100 
nm or over is Sufficient for obtaining the organic matter 
decomposing effect by the photocatalytic effect and for 
obtaining the photochromism prevention effect. FIG. 4 
shows transmittance of the device exhibited when the film 
thickness of the photocatalytic layer 16 made of TiO is set 
to various values of 100 nm or over. According to this figure, 
when the film thickness is 300 nm or over, there is possi 
bility that interference becomes stronger with the result that 
the tone of color is impaired. When the film thickness is 
about 200 nm, influence by interference is relatively small 
and imparting of the tone of color does not take place. 
Accordingly, in a case where the photocatalytic layer 16 is 
made of TiO, the film thickness should preferably be within 
a range from 100 nm to a200 nm. FIG. 5 shows a transmit 
tance characteristic for wavelengths of 420 nm and below 
when a TiO film of 200 nm is formed on soda glass having 
thickness of 1.9 mm. 
On the other hand, the film thickness of the porous 

inorganic hydrophilic layer 18 should preferably be 50 nm 
or below. In case the film thickness is of this order, electron 
hole-pairs move easily through the porous inorganic hydro 
philic layer 18 and the photocatalytic reaction thereby 
proceeds rapidly. 

In a case where the photocatalytic layer 16 is made of 
TiO2 and the porous inorganic hydrophilic layer 18 is made 
of SiO2 respectively by vacuum deposition, an example of 
film forming conditions for forming the TiO layer 16 to an 
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anatase type and the SiO2 layer 18 to a porous layer is shown 
in the following Table 1. 

TABLE 1. 

Photocatalytic TiO, film Porous SiO, film 

Speed of vacuum 0.3 nmfsec. 0.5 nmisec. 
deposition 
Partial pressure 1.0 x 10' torr 2.0 x 10 torr 
of oxygen 
Temperature of 3OO C. 3OO C. 
substrate 

The film thickness and film forming conditions described 
above with respect to the photocatalytic layer 16 and the 
porous inorganic hydrophilic layer 18 can be applied also to 
Embodiments 2 to 10 to be described below. 
Embodiment 2 
The electrochromic device of FIG. 6 is made by forming 

an electrochromic material film 22 made of, e.g., WO on 
the front Surface Side of a rear Side glass Substrate 14. An 
electrochromic layer 31 is composed of an electrolyte 28 and 
the electrochromic material film 22. 
Embodiment 3 
The electrochromic device of FIG. 7 is made by forming 

transparent electrode films 20 and 24 made of, e.g., ITO on 
opposite Surfaces of two glass Substrates 12 and 14, filling 
an electrochromic Solution 34 containing an electrochromic 
material Such as Viologen in a gap G acroSS which the two 
glass Substrates 12 and 14 are provided opposite to each 
other, and Sealing the electrochromic Solution 34 with a 
sealing material 29. The electrochromic solution 34 consti 
tutes an electrochromic layer. Reaction mechanism of Violo 
gen is shown in the following formula: 

R-( )-(X- 
bleaching 

--e. 

coloring 

Embodiment 4 
The electrochromic device of FIG. 8 is made by sequen 

tially laminating, on the rear Surface Side of a front Side glass 
Substrate 12, a transparent electrode film 20, an oxidation 
coloring layer (electrochromic material film) 36, a Solid 
electrolyte 40, a reduction coloring layer (electrochromic 
material layer) 38 and a transparent electrode film 24. The 
oxidation coloring layer 36 and the reduction coloring layer 
38 constitute an electrochromic layer 41. 
Embodiment 5 
The electrochromic device of FIG. 9 is made by, in the 

structure of FIG. 1, forming a reflecting film 42 made of, 
e.g., Cr, Ag or Al and a protective coating 44 on the rear 
Surface Side of the rear Side glass Substrate 14. 
Embodiment 6 
The electrochromic device of FIG. 10 is made by, in the 

structure of FIG. 6 (Embodiment 2), forming a reflecting 
film 42 made of, e.g., Cr, Ag or Al and a protective coating 
44 on the rear Surface Side of the rear Side glass Substrate 14. 
Embodiment 7 
The electrochromic device of FIG. 11 is made by, in the 

structure of FIG. 7 (Embodiment 3), forming a reflecting 
film 42 made, e.g., Cr, Ag or Al and a protective coating 44 
on the rear Surface Side of the rear Side glass Substrate 14. 
Embodiment 8 
The electrochromic device of FIG. 12 is made, in the 

structure of FIG. 8 (Embodiment 4), by forming an 
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8 
electrode-reflecting film 46 made of, e.g., Cr, Ag or Al 
instead of the transparent electrode film 24 of the rear side 
glass Substrate 14 and thereby forming an anti-fog mirror. 
Embodiment 9 
The electrochromic device of FIG. 13 is made, in the 

structure of FIG. 9 (Embodiment 5), by adhering a resistance 
heat generating element 48 by means of an adhesive or 
bonding agent on the rear Surface Side of the rear Side glass 
Substrate 14. The resistance heat generating element 48 may 
be constructed by, e.g., a panel heater using PTC (positive 
characteristic thermistor). By heating the resistance heat 
generating element 48 by Supplying electricity to it, water 
deposited on the Surface of the device can be evaporated. 
Embodiment 10 
The electrochromic device of FIG. 14 is made, in the 

structure of FIG. 12 (Embodiment 8), by adhering a resis 
tance heat generating element 48 by means of an adhesive or 
bonding agent on the rear Surface Side of the rear Side glass 
Substrate 14. The resistance heat generating element 48 may 
be constructed by, e.g., a panel heater using PTC (positive 
characteristic thermistor). By heating the resistance heat 
generating element 48 by Supplying electricity to it, water 
deposited on the Surface of the device can be evaporated. 

Table 2 shows change in reflectance as a result of a 
weather resistance test (Sunshine weather -o- meter) con 
ducted with respect to a Sample C which is an example of the 
electrochromic device of the present invention having the 
structure of Embodiment 5 (FIG.9) and a sample D in which 
the photocatalytic layer 16 and the porous inorganic hydro 
philic layer 18 have been omitted. In the sample D in which 
the photocatalytic layer 16 and the porous inorganic hydro 
philic layer 18 have been omitted, reflectance is decreased 
due to coloring caused by the photochromism. In contrast 
thereto, in the Sample C of the present invention, no change 
has been observed in reflectance and appearance. 

TABLE 2 

Reflectance before and after 
weather resistance test for 

300 hours 

before the test after the test 

57% 
50% 

57% 
20% 

Sample C of Embodiment 5 
Sample D in which photo 
catalytic layer 16 and porous 
inorganic hydrophilic layer 
18 have been omitted 

Change in the contact angle of waterdrop on the Surface 
of the device when ultraviolet radiation (intensity being 1.0 
mW/cm) is radiated on the surface of the device coated with 
oil as measured with respect to these Samples C and D is 
shown in FIG. 15. In the sample D, the contact angle is 
originally high (about 70 or over) and when dirt is depos 
ited thereon, it remains on the Surface of the Sample and 
thereby causes the contact angle to increase. For this reason, 
when a waterdrop is deposited on the Sample, it assumes a 
shape of hemisphere having a Small radius of curvature and, 
as a result, a rear image is inverted due to a lens effect with 
resulting degradation in Visibility. In contrast, in the Sample 
C which represents the present invention, dirt deposited on 
the Sample C is decomposed by radiation of ultraViolet 
radiation and a high hydrophilic property can be maintained. 
Accordingly, when a waterdrop is deposited on the device, 
it is scattered about on the Surface of the device which 
prevents occurrence of the lens effect and thereby enables 
the device to maintain an excellent visibility. 
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Reflection spectra of a Sample E which has the Structure 
of Embodiment 8 (FIG. 12) and a sample F which has the 
Same Structure except that the photocatalytic layer 16 and 
the porous inorganic hydrophilic layer 18 have been omitted 
are shown in FIG. 16. According to this figure, increase of 
Several percent in reflectance is observed in the Sample Eas 
compared with the Sample F but there is little change in the 
reflectance spectrum waveform in the Sample E, showing 
that the tone of color is not impaired in Sample E. 
What is claimed is: 
1. An electrochromic device comprising: 
transparent Substrates, 
an electrochromic layer provided between Said transpar 

ent Substrates, Said electrochromic layer containing no 
ultraViolet radiation Stabilizing agent or containing leSS 
than 1 weight 9% of ultraviolet radiation stabilizing 
agent, and 

a transparent photocatalytic layer performing a photocata 
lytic reaction formed on the front surface of a front side 
Substrate of Said transparent Substrates. 

2. An electrochromic device as defined in claim 1 wherein 
Said photocatalytic layer is made of a film comprising TiO2. 

3. An electrochromic device comprising: 
transparent Substrates, 
an electrochromic layer provided between Said transpar 

ent Substrates, Said electrochromic layer containing no 
ultraViolet radiation Stabilizing agent or containing leSS 
than 1 weight 9% of ultraviolet radiation stabilizing 
agent, 

a transparent photocatalytic layer performing a photocata 
lytic reaction formed on the front surface of a front side 
Substrate of said transparent Substrates, and 

a transparent porous inorganic hydrophilic layer formed 
on the front Surface Side of Said transparent photocata 
lytic layer. 

15 

25 

35 

10 
4. An electrochromic device as defined in claim 3 wherein 

said photocatalytic layer is made of a film comprising TiO, 
and Said porous inorganic hydrophilic layer is made of a 
porous SiO film. 

5. An electrochromic device as defined in claim 1 wherein 
a reflecting film is formed on the rear Surface Side, as viewed 
from the front side Substrate, of a rear side Substrate of said 
transparent Substrates whereby Said electrochromic device 
constitutes a dimming mirror. 

6. An electrochromic device as defined in claim 1 wherein 
an electrode on the Side of a rear Side Substrate of Said 
transparent Substrates applying Voltage to Said electrochro 
mic layer is made of a metal film which constitutes also a 
reflecting film whereby Said electrochromic device consti 
tutes a dimming mirror. 

7. An electrochromic device as defined in claim 1 wherein 
a reflecting film is formed on the rear Surface Side, as viewed 
from the front side Substrate, of a rear side Substrate of said 
transparent Substrates and a resistance heat generating ele 
ment is provided on further rear Surface Side of the rear Side 
Substrate, Said resistance heat generating element being 
Supplied with electricity whereby said electrochromic 
device constitutes a dimming mirror. 

8. An electrochromic device as defined in claim 1 wherein 
an electrode on the Side of a rear Side Substrate of Said 
transparent Substrates applying Voltage to Said electrochro 
mic layer is made of a metal film which constitutes also a 
reflecting film and a resistance heat generating element is 
provided on further rear Surface Side of the rear Side 
Substrate, Said resistance heat generating element being 
Supplied with electricity whereby said electrochromic 
device constitutes a dimming mirror. 

9. An electrochromic device as defined in claim 5 which 
is adapted to be an exterior rearview mirror. 


